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Diff icul ty  has been reported i n  landing a swept-wing airplane of 
low aspect r a t i o  having no horizontal. t a i l  aboard an a i r c r a f t  car r ie r .  
Final  small corrections t o  the height of the airplane i n  reference t o  
the ca r r i e r  deck could not be made during the short  period of time avail- 
able. A theoret ical  investigation was therefore conducted t o  determine 
the reasons f o r  the reportedly poor airplane response t o  longitudinal 
control. Some ef fec ts  of airplane configuration on the response, pr i -  
m a r i l y  f o r  short  t i m e  periods, were a l so  determined. 

The resu l t s  of the investigation indicated that a time lag i n  height 
response may have contributed t o  the reported poor airplane response t o  
longitudinal control over a short  time period. For the par t icu lar  a i r -  
plane f o r  which d i f f i cu l ty  had been reported, the indicated l ag  in 
height response was mainly the result of low elevator effectiveness i n  
changing the fl ight-path angle. 
short time the r a t e  of changing the  fl ight-path angle depends mainly 
on the magnitude of the weight, the moment of i ne r t i a ,  the slopes of 
the curves of pitching-moment and lift coefficients as  functions of 

and respectively, the  slope of the elevator deflection C 
curve of l i f t  coefficient as a function of angle of a t tack  l&, and 
the available elevator deflection h6e. The magnitude of airplane 
damping and the magnitude of the l if t-drag r a t i o ,  f o r  a short  period of 
time, do not have an appreciable effect  on the t i m e  ofrheight response. 

In  general, it was found that over a 

w e  

The importance of the differences found i n  the response character- 
i s t i c s  between swept-wing airplanes of low aspect r a t i o  having no hori- 
zontal t a i l  and conventional airplanes can be evaluated only by f l i g h t  
experience. 
the p i l o t ' s  reaction t o  the relatively large nose-up a t t i tudes  of the 

the authorship of Ralph W. Stone, Jr. and W i l l i a m  Bihrle, Jr., en t i t l ed  
"Studies of Some Effects of Airplane Configuration on the Response t o  
Longitudinal Control i n  Landing Approaches," was  presented before the 
1953 Annual Meeting of the 

Other factors  such as range of vision, unusual control f ee l ,  

'A somewhat condensed and unclassified version of t h i s  report, under 

naut ical  Sciences. 
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low-aspect-ratio swept-wing airplanes, and psychological influences asso- 
c ia ted with n e w  types of airplanes may be of equal or greater importance. . 

INTRODUCTION b 

Difficulty i n  landing a swept-wing airplane of low aspect r a t i o  
having no horizontal t a i l  aboard an a i r c r a f t  ca r r i e r  w a s  reported which 
appeared t o  be a problem of poor airplane response t o  longitudinal con- 
t r o l  primarily i n  the landing-approach condition p r io r  t o  engine cut.  
Final small corrections t o  height of the airplane i n  reference t o  the 
ca r r i e r  deck could not be made during the short  period of time availa- 
ble  before engine cut. For example, i n  an approach where a height 
correction had been attempted by pushing forward on the s t i c k  i n  order 
t o  lose some a l t i tude ,  the p i l o t  endeavored t o  retrim a t  the desired 
height behind the car r ie r  deck but the airplane continued t o  descend. 
The airplane would therefore have landed short  of the intended touchdown 
point. 
did not respond to  moving the s t i c k  rearward during the time available 
a f t e r  t h e  stick-forward correction. 

The p i l o t  f e l t  that he was not i n  control of the airplane as it 

The d i f f i c u l t i e s  encountered may have been the r e su l t s  of aero- 
dynamic differences between t h i s  airplane and other more conventional 
airplanes which are common i n  car r ie r  operations. On the other hand, 
the d i f f i cu l t i e s  may have resulted from limited vision, unusual control 
f ee l ,  o r  psychological influences associated with a new airplane, par- 
t icular ly  a new type of airplane which has a much higher nose-up a t t i -  
tude i n  the landing approach than do conventional airplanes.  A theo- 
r e t i c a l  investigation was conducted i n  order t o  determlne w h a t  e f fec t  
the differences i n  aerodynamic character is t ics  would have on the short- 
time response t o  elevator control of this type of airplane as compared 
with the responses of a conventional airplane,  without regard t o  any 
possible psychological influences. 
are  presented i n  this paper. 

The resu l t s  of this  investigation 

Longitudinal airplane motions were computed on 9 analog computer. 
The response of an airplane having reportedly good landing character- 
i s t i c s  was compared with the response of an airplane similar i n  con- 
figuration t o  tha t  of the airplane reportedly having poor height control, 
and also w i t h  the response of a th i rd  airplane having a generally 
s i m i l a r  configuration but a lower-aspect-ratio wing and different  mass 
characterist ics from those of the airplane having poor height control. 
The effects of the t o t a l  elevator effectiveness, the change i n  lift 
due t o  elevator deflection, the airplane damping, and the  r a t i o  of l i f t  
t o  drag on the response were investigated. 
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* The Lozgi%uSinal m t i o r s  presented herein -$ere calculated about 
the stability axes. 
t ions of the  forces and moment is presented i n  f igure 1. 

A diagram of  the axes showing the  posit ive direc- 

S wing area, sq ft  

- 
I C mean aerodynamic chord, ft  

w weight of airplane, l b  

m mass of airplane, W/g, slugs 

I 
radius of gyration about Y body axis, f t  

air  density, 0.002378 slug/cu f t  

kY 

P 

P airplane relative-density coefficient,  m / p S  

V velocity, f t /sec 

Q 

, 
acceleration due t o  gravity, 32.2 f t / sec2  

L l i f t ,  l b  

D drag, l b  
I 

I *  

M pitching moment, f t - lb  

I CL l i f t  coefficient,  L / ~ V ~ S  

CD drag coefficient , D / $ ~ v ~ s  

Cm pitching-moment coefficient,  M / ~ v ~ s E  

3 

C coefficient of drag a t  maximurn coefficient of l i f t  
DcLmax 

cLO 
hypothetical l i f t  coefficient a t  a = 0' based on an 

extrapolation from approach 
the v ic in i ty  of approach a and w i t h  an elevator deflec- 
t i on  which would be required t o  t r i m  a t  approach 

a, f o r  l i f t -curve slope i n  

a 



4 

T 

Z 

a, 

Y 

e 

6e 

Az 

Lla 

AY 

A0 

i, o r  q 

i. 
Ti 

4 

NACA RM L53B10 0.. .e 
e*: **: : **: . . . . 0 .  . 0 .  0 .  . . 
e .  * .  0 . .  0 . .  . . * e  

0 .  0.. . . 0 .  .* . . 0. .  0 .  0. .  - 0  

hypothetical pitching-moment coefficient at a, = 0' based - 
on an extrapolation from approach u, for pitching-moment 
slope in the vicinity of approach CL and with an elevator 
deflection which would be required to trim at approach a 

thrust, lb 

height, [ V sin 7 dt, ft 
angle of attack, 0 - 7 ,  deg 

flight-path angle, deg 

angle of pitch, deg 

elevator deflection, deg 

increment of height from trimmed level-flight condition 

increment of angle of attack from trimmed level-flight 
condition 

increment of flight-path angle from trimmed level-flight 
condition 

increment of angle of pitch from trimmed level-flight 
condition 

increment of velocity from trimed level-flight condition 

increment of elevator deflection from trimed level-flight 
condition 

pitching angular velocity , radians /see 
rate of change of flight-path angle with time 

rate of change of velocity V with time 

per deg 

per  deg 

* 
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per deg - a 
CL, - a, 

coefficient of drag as a ~s l l l i nea r  fiinction of a 
c”(U! 

per deg &In 
= si- 

Dots over symbols represent derivatives with respect to time, f o r  
- -  327 

at2 
example, y = -. 

AIRPLANES l 3 J S T I G A T E D  

The  configurations of the airplanes investigated are shown in 
The airplanes are herein referred to as airplanes fi,o;ure 2. A, B, 

and C. 
acteristics. Airplane B, having no horizontal tail, is an airplane 
similar in configuration to that of the airplane reportedly having 
poor response to longitudinal control. Airplane C, having no horizontal 
tail, is an airplane having a generally similar configuration to that 
of airplane B but having a lower-aspect-ratio wing and different mass 
characteristics. 
landing characteristics of airplane C, this airplane was included in 
the investigation because, being similar to airplane B, it was believed 
that this airplane also might have poor response to longitudinal con- 
trol. The aerodynamic, mass, and dimensional characteristics for the 
landing configurations of airplanes A, B, and C are given in table I. 

Airplane A is an airplane reportedly having good landing char- 

Although no flight data were available regarding the 
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PROCEDURE 

In this investigation, the longitudinal motions of airplanes A,  
B, and C were calculated by an analog computer using the following 
equations : 

g cos y + T sin a V 
+ CL~, Me) mV 

i. = + CL0 
2PC 

The lift, drag, and pitching-moment coefficients were introduced 
as f’unctions of angle of attack and of elevator deflection. The lift, 
drag, and pitching-moment coefficients as functions of angle of attack 
were obtained at the elevator deflection required for trimmed level 
flight at 185.8 ft/sec (110 hots). 
pitching-moment coefficients with angle of attack were assumed linear 
and the slopes were obtained in the vicinity of the angle of attack 
for trimmed flight at 110 knots. The drag coefficient C D ( ~ ) ,  however, 
was introduced as a nonlinear function of angle of attack because of 
the large nonlinear variation of drag coefficient wi3h angle of attack 
in the angle-of-attack region investigated. The variations of drag 
coefficient with angle of attack for airplanes A ,  B, and C are presented 
in figure 3. Airplane A had high drag at low angles of attack, prima- 
rily because of the drag due to displacement of lift flaps. The lift, 
drag, and pitching-moment coefficients as functions of elevator deflec- 
tion were obtained at the angle of attack for trimmed level flight at 
110 knots. The variations of lift, drag, and pitching-moment coeffi- 
cients with elevator deflection were assumed linear and the slopes 
were obtained over an elevator range that extended from the elevator 
deflection required for trimmed flight at 110 knots to the maximum 
up-elevator deflection. 

The variations of lift and 

Deflections of the elevator, and therefore 
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values f o r  the CL 4, mSe 6, and Cms, &e terms, were  intro-  

duced as step functions. The thrust  and % w e r e  held constant. 

aerodynamic character is t ics  related t o  the r a t e  of c-ge of angle of 
attack, Q,&, C D ~ ,  and C%, were neglected. It was fe l t  that the 

k derivatives would not appreciably influence the motions investigated 
herein. 

s, 

It was desired t o  compare the motions of the airplanes i n  order 
t o  determine the difference, i f  any, i n  response t o  longitudinal con- 
t r o l  a f t e r  a motion had been in i t ia ted .  
son, the following procedure was employed. The three airplanes were 
i n i t i a a v  trimmed for  steady l eve l  f l i gh t  a t  a la.ncibg approach speed 
of 185.8 f t / s e c  (110 hots). 
table  11. 
deflecting the elevator down and holding the down deflection f o r  2 sec- 
conds or  1 second after which an attempt t o  s top the ensuing descent 
w a s  made by deflecting the elevator full-up. An amount of down- 
elevator deflection f o r  airplane A was chosen which when held 1 second 
o r  2 seconds would resu l t  in  a loss  of  a l t i t ude  that might be desired 
f o r  a f i n a l  correction during a car r ie r  approach. For comparison 
purposes, it was considered desirable t o  have a l l  three airplanes 
follow the same path of descent t o  the t i m e  when the elevators were 
aeflected full-up. 
and C correspond approximately t o  the descent path of airplane A was 
made by deflecting the elevators down on airplanes B and C an amount 
which would approximately resu l t  i n  the i n i t i a l  r a t e  of change of nor- 
m a l  acceleration being the same f o r  all three airplanes. 
i n i t i a l  r a t e  of change of normal acceleration could be obtained approxi- 
mately by making the i n i t i a l  r a t e  of change of 

same. The height is  equal t o  Jt V s i n  7 d t  and it was reasoned that 

the amount of var ia t ion of V would be small during 1 t o  2 seconds of 
motion and tha t ,  therefore, the descent path would be determined en t i r e ly  
by the fac tor  s i n  y .  

values were made the same f o r  all three airplanes the descent paths 
would a l so  be approximately the 6ame over a short time interval .  
down-elevator deflections required f o r  airplanes B and C were deter- 
mined on the basis tha t  the initial value of i.' was proportional t o  

In order t o  make the compari- 

The i n i t i a l  trim values a re  given i n  
A disturbance from steady l eve l  flight was i n i t i a t ed  by 

An attempt t o  make the descent paths of airplanes B 

The same 

7, that is, 7, the  

It was felt ,  therefore, that I.? the ini t ia l  

The 

m e .  The increment of force affecting the normal accelera- %e 
VCL, V"C 
-- 
Z G  2Pk3r2 
t i on  duelto elevator deflection was neglected. 
obtaining this parameter is given i n  the appendix. 
elevator waf3 deflected down from the in i t ia l  trim deflection f o r  1 sec- 
ond o r  2 seconds on airplanes A, By and C is given i n  tab le  111. 

The analysis used f o r  
The amount the 

As 
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previously mentioned, the elevator on each airplane was then deflected 
from the specific down se t t ing  t o  the full-up posit ion.  The amount of 
elevator deflection thus made on airplanes A,  B, and C i s  given i n  
table  111. The use of full-up elevator would give the maximum accel- 
erat ion i n  pi tch possible f o r  a given airplane configuration. It was 
realized that  use of full-up elevator and the introduction of elevator 
deflection as  s tep functions do not simulate the actual  control 
deflections that would be used by a p i l o t ,  but i t  was f e l t  t ha t  the 
use of th i s  procedure would reveal any differences i n  response due 
t o  inherent s t a b i l i t y  and control character is t ics  t ha t  might ex i s t  
between airplanes A, B, and C .  This procedure was eq loyed  therefore 
t o  get the maximum response tha t  would be theoret ical ly  possible f o r  
a given airplane configuration. The elevator deflection was reduced 
from full-up t o  a deflection that would t r i m  the airplane a t  the angle 
of a t tack  of m a x i m u m  l i f t  and also was reduced i n  time t o  prevent the 
airplane from exceeding by more than approximately 3' the  angle of 
a t tack  of maximum l i f t .  

The motion i n  response to  the prescribed elevator deflections was  
recorded in  terms of velocity, angle of pitch,  angle of attack, f l i gh t -  
path angle, and height with respect t o  t i m e .  These values are  presented 
herein as increments from the i n i t i a l  t r i m  values presented i n  table 11. 
The motions are presented u n t i l  the l o s t  height is regained. The 
e f fec ts  of the t o t a l  elevator effectiveness, the change i n  l i f t  due t o  
elevator deflection, the airplane damping, and the r a t i o  of l i f t  t o  
crag on the response of the ahrplane were determined. 
t o t a l  elevator effectiveness refers  t o  the effectiveness of the 

available elevator deflection i n  causing an in i t ia l  r a t e  of change of 
flight-path angle.) 
on the response, the factors  involved were changed and the resul t ing 
motion was compared with the motion obtained f o r  the or ig ina l  condition. 

(The phrase 

I n  order t o  determine the e f fec ts  of these factors  

The e f fec t  of t o t a l  elevator effectiveness on response was deter-  
mined by increasing the elevator deflections on airplanes B and C .  
values of t o t a l  elevator effectiveness on airplanes B and C were 
increased amounts which resulted i n  the t o t a l  elevatqr effectiveness 
of these airplanes corresponding t o  the  t o t a l  elevator effectiveness 
of airplane A .  
deflections of airplanes B and C an amount, determined by the method 
described previously, such that a l l  three airplanes would have approxi- 
mately the same i n i t i a l  increment i n  7 a t  pull-up. The amounts the 
elevators were deflected up from the down posit ion are given i n  table  111. 

The 

This w a s  attempted by increasing the up-elevator 

.. 

The effects  of the change i n  l i f t  due t o  elevator deflection on 
the responses of airplanes B and C were determined by making 
and comparing the resul t ing motions with the motions obtained fo r  the 
or iginal  condition. 

as, = 0 
. 

The ef fec t  of increasing the t o t a l  elevator 
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effectiveness by increasing the elevator deflection and a t  the same 
time eliminating the change i n  l i f t  due t o  elevator deflection on the 
response was also determined f o r  airplanes B and C. 

The e f fec t  of the airplane-damping term on response was determined 
-3.5 and -12 .O on airplane B and comparing the m s =  bymaking C 

resul t ing motion with the motion obtained f o r  the or ig ina l  condition 
(C% = -1.5). 

The ef fec t  of L/D on the response of airplane B was determined 

The r a t i o  of 
by changing the polar curve of airplane B and the  resul t ing motion was 
compared with that obtained fo r  the or ig ina l  condition. 
l i f t  coefficient t o  drag coefficient of a i r p b e  B was  &e equal t o  
that of airplane A over approximately the range from trim l i f t  t o  
maxinun l i f t  by changing the drag c w e  of airplane B. The variation 
of drag coefficient with angle o f  attack used f o r  airplane B is given 
in  figure 3. 

RESULTS 

Comparison of Airplanes A, B, and C 

All three airplanes ( f ig .  4) respond t o  the up-elevator deflection 
i n  that the descent is stopped and the l o s t  height is regained. 
takes approximately twice as much time, however, for airplane B t o  
stop i ts  descent or t o  regain its lost  height a f t e r  up-elevator move- 
ment as  it does f o r  airplane A .  It is therefore indicated that a 
p i l o t  might become aware of the difference in  response between a i r -  
planes B and A when attempting small height corrections during a short 
period of time. 
airplane B would have traveled approximately 186 fee t ,  because its 
velocity was 185.8 f t / sec  (110 knots). Some lag in the  response of 
airplane C, when compared with airplane A, was a lso  present but i ts  
response was considerably be t t e r  than t h a t  of airplane B. Figure 4 
shows tha t  airplane A, i n  response t o  the  up-elevator deflection, was 
able t o  accelerate more quickly in angle of pitch,  angle of attack, 
and fl ight-path angle than airplanes B and C which accounts f o r  air- 
plane A responding more quickly i n  height than did airplanes B and C. 
The influence tha t  the configurations of airplanes B and C had on the 
lag in  height response are given i n  the sections that follow. 

It 

During the  added time required t o  stop i ts  descent, 

Effect of Changes on Airplane B 

The e f f ec t  of increasing the to t a l  elevator effectiveness on the 
response of airplane B is shown i n  figure 5. As previously mentioned, 
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the  phrase ' ' to ta l  elevator effectiveness" refers  herein t o  the effec- 
tiveness of the available elevator deflection i n  causing an i n i t i a l  
r a t e  of change of fl ight-path angle. Increasing the t o t a l  elevator 
effectiveness t o  tha t  of airplane A (with the difference i n  the change 
i n  l i f t  due t o  elevator deflection neglected) by increasing the  up- 
elevator deflection great ly  improved the response of airplane B. 
Eliminating the  change i n  l i f t  due t o  elevator deflection ( f i g .  5 )  
gave some improvement i n  response. Increasing the up-elevator deflec- 
t ion  a n d  making CL = 0 gave the quickest response. 

6e 

For the given down- and up-elevator deflection (forcing function),  
( f i g .  6 )  had essent ia l ly  no e f fec t  on the t i m e  it c"q 

cmq 

increasing 

takes the airplane t o  stop i ts  descent. The magnitudes of angle of 
pitch,  angle of attack, f l ight-path angle, and height were decreased, 
however, as w a s  increased. 

When L/D [ f i g .  7 )  w a s  increased t o  t h a t  of airplane A, the  l ag  
i n  response w a s  improved only s l igh t ly .  The importance of t h i s  fac tor  
on the response of an airplane over a more extended time period w i l l  
be examined l a t e r  herein. 

Effect of Changes on Airplane C 

Since increasing the t o t a l  elevator effectiveness w a s  shown t o  be 
the important factor i n  decreasing the lag  i n  height response of air-  
plane B, t h i s  factor w a s  a l so  changed on airplane C ( f i g .  8 ) .  
the to t a l  elevator effectiveness t o  tha t  of airplane A (with the d i f -  
ference i n  the change i n  l i f t  due t o  elevator deflection neglected) by 
increasing the up-elevator deflection gave some improvement i n  the 
response of airplane C .  The response was improved t o  a much greater  
extent when the  change i n  l i f t  due t o  elevator deflection w a s  eliminated. 
Whereas increasing the t o t a l  elevator effectiveness by increasing the 
up-elevator deflection affected the response of airplane B more than 
airplane C ,  eliminating the  change i n  l i f t  due t o  elevator deflection 
affected the response of airplane C more than tha t  of airplane B.  An 
explanation of these effects  is  t o  be given l a t e r  herein. The quickest 
response was obtained, as f o r  airplane B,  when the up-elevator deflec- 
t i on  was increased and CL w a s  made equal t o  zero. 

6e 

Increasing 

For ease of comparison, the motions obtained f o r  airplane A are  
compared i n  f igure 9 with the motions obtained f o r  airplanes B and C 
when the t o t a l  elevator effectiveness had been increased by increasing 
the up-elevator deflection and making Q, = 0. It can be seen that 

the responses of airplanes B and C now compare very favorably with the 
6e 
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response of airplane A .  
and C ,  from that shown on figure 4 fo r  the or iginal  condition, was 
obtained by increasing the  t o t a l  elevator effectiveness and by making 

The improvement i n  response of airplanes B 

CLSe = 0. 

DISCUSSION 

E-ning some of the parameters which are involved i n  the longi- 
tudinal  motion may give an understanding of the resu l t s  that were 
obtained. The parameters f o r  airplanes B and C a r e  given re la t ive  t o  
those f o r  airplane A i n  table IV. These parameters inclzde the aero- 
Qzaa5c, control, and mass characterist ics and are  indicative, compara- 
t i ve ly ,  of the motion t o  be expected a t  the t i m e  the control is  deflected 

V%nge 
The parameter h indicates the effectiveness of the elevator with - 

%kYL 
respect t o  its a b i l i t y  t o  produce a high r a t e  of change i n  angle of 
pi tch.  The elevators of airplanes B and C w e r e  less effect ive than that 

of airplane A. The parameter - vcLu indicates the a b i l i t y  of the  
2pE 

configuration, when pitched, t o  change the l i f t  and, therefore, the 
normal acceleration. Airplane B was less effect ive than, and airplane C 
was about as effect ive as, airplane A i n  changing the l i f t  due t o  angle 

. V C L ~  
of attack. The parameter - - obtained by combining the two 

2 E  2cLky' 
parameters is indicative (see appendix) of the elevator effectiveness 
on the rate of change of fl ight-path angle (with the 
neglected, however). Based on this parameter, airplanes B and C were 
approximately 2/5 and 3/4, respectively, as effective as airplane A. 

CL term 
6e 

The amount of elevator deflection available from the down deflec- 
t i on  t o  the full-up posit ion on airplanes B and C is given i n  table I11 
r e l a t i v e  t o  the amount of elevator deflection available on airplane A. 
Airplanes B a d  C had a smaller amount of up-elevator deflection avail- 
able than did airplane A. Airplane B had the least of a l l  three a i r -  

planes. The t o t a l  elevator effectiveness - mge Ab, available 

f o r  airplanes B and C w a s  about 1/4 and 2/3, respectively, of the t o t a l  
elevator effectiveness available f o r  airplane A ( tab le  111). 
would indicate why airplane B had the  greatest  l a g  i n  height response 
( f ig .  4 ) .  

V z ,  

2pE 2%2 

T h i s  

For airplanes B and C t o  have the t o t a l  elevator effective- 
ness of airplane A, it was necessary t o  increase the amount of up-elevator - 



deflection 4 times and 12 tbes  the or ig ina l  up-elevator deflection 

on airplanes B and C, respectively ( table  111). The elevator deflec- 
t ion  used f o r  airplane B was  approximately -74' and it was realized 
that the deflection was excessively large and beyond the  l i nea r  range 

Of cm6e 
of the differences i n  the airplanes.  Since airplane B lacked so  much 
more t o t a l  elevator effectiveness than did airplane C ,  it i s  under- 
standable why the  greatest  improvement i n  response vas obtained on 
airplane B when the t o t a l  elevator effectiveness w a s  increased by 
increasing the up-elevator deflection. 

2 

The change required on airplane B, however, is  i l l u s t r a t i v e  

(table I V )  indicates the change i n  l i f t  and, "L8e The parameter - 
2pc 

therefore, normal acceleration due t o  elevator deflection. When the 
elevator is i n i t i a l l y  deflected t h i s  change i n  l i f t  opposes the  change 
i n  l i f t  due to  a desired change i n  angle of attack. As seen from the 

motions presented herein, the parameter __I 

changing the fl ight-path angle and, therefore, i n  height response. The 
change in  l i f t  due t o  elevator deflection was approximately 2 and 3 times 
greater f o r  airplanes B and C ,  respectively, than f o r  airplane A 
( tab le  IV) . Considering the up-elevator deflections available, it can 

be seen ( tab le  111) tha t  the parameter 

about the same as f o r  airplane A, whereas the parameter fo r  airplane C 
was approximately 2-times t h a t  of airplane A. Since t h i s  parameter, 
f o r  airplane C ,  was more than twice as  large as that f o r  airplane B, a 
greater improvement i n  height response was obtained on airplane C than 
on airplane B when the C L ~ ,  term was made zero. 

introduces a lag i n  %le 

2pz 

V C L ~ ~  A6e 

2pc 
f o r  airplane B was 

1 
3 

L 

The time it takes an airplane of a specif ic  configuration t o  
respond i n  height, fo r  a given elevator deflection, depends on the r a t e  
a t  which it can change the fl ight-path angle. 
the rate of change of the fl ight-path angle depends mainly on the  magni- 
tude of weight, moment of i ne r t i a ,  C , CL,, C L ~ ~ ,  and A6e- An 

increase i n  weight, moment of i ne r t i a ,  o r  CL o r  a decrease i n  

Cwe, G, o r  A6e will tend t o  decrease the a b i l i t y  of the airplane 

t o  respond quickly i n  height. Most airplanes having no horizontal t a i l  
and high values of and therefore will have low values of C 

For a short-period motion, 

m6e 
6e 

m6e 



should be eqec ted  t o  have a lag  i n  height response when compared with 

but having a horizontal tail.  

c 

an airplane having the same weight, moment of i-nertia, C h ,  and AS, 

I n  order t o  determine the  effects of some factors  on the response 
over a long time period, the motions f o r  a l l  three airplaxies presented 
and comared i n  figures 4 and 9 f o r t h e  2-second cases are continued 
fo r  a longer t i m e  Deriod i n  figures 10 and 11, respectively. As was  
mentioned previously, a l l  three airplanes respond t o  the up-elevator 
deflection i n  that the  descent is  stopped and the l o s t  height i s  
regained. 
a considerable time a f t e r  the l o s t  height is  regained. 
i s  f lying a t  an a t t i t ude  such that an increment of l i f t  will be obtained 
when pitched q~ by the up-elevator deflectlon the airplane w i l l  in i -  
t i a l l y  respmd by gaining height due t o  the resul t ing excess velocity 
present. 
i s  a long-period e f fec t .  
planes were pitched ~p absorbs velocity over approximately 10 seconds 
during which tiae the airplanes are  gaining height. Mention might be 
made that the rsgnitude of height change (change of potent ia l  energy) 
t o  be obtained, depends on the amount of change of the kinet ic  energy. 
The application, therefore, of elevator deflections as s t ep  functions 
or  ramp functions will give the same magnitude of height change. The 
magnitude of height t o  be eventuallj. a t ta ined and the time a t  which it 
will be attained, fo r  a given elevator deflection, depends on the 
amomt of l i f t  and drag incurred. 
and C did not gain as much height as airplane A because airplanes B 
and C had e i ther  greater values of or smaller values 

of C D t r i m / C % k  

Figure 10 shows that the height continues t o  increase over 
If an airplane 

Figures 10 and 11 show that the e f fec t  of drag on the velocity 
The additional drag obtained when the air- 

A s  shown i n  figure 10, airplanes B 

ktrun/CLnax 
than did airplane A .  A comparison of figures 10 

and 11 shows that when airplanes B and C had CL = 0,  indirect ly  a 
greater increment of l i f t  was obtained by this procedure, the airplanes 
responded i n  a t ta ining a greater change i n  height magnitude. It can be 
said that values of L/D obtained during the longitudinal motion a f fec t  
the response i n  time and magnitude of the maximum height t o  be at ta ined 
over a long time period. A l l  airplanes eventually assumed a gl ide angle 
and descended because of the increased drag a t  the new angles of attack, 
but i f  the thrust, which had been maintained constant, had been increased 
accordingly the airplanes could have been retrimmed f o r  steady leve l  
f l i g h t  a t  the maximum heights obtained. 

&e 

CONCLUDING REMARKS 

The resu l t s  of the investigation presented herein indicated that 
poor airplane response t o  longitudinal control over a short  time period, 
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as was reported for a specific configuration, may have been the result 
of a time lag in height response. The lag in height response was 
mainly the result of a low elevator effectiveness in changing the 
flight-path angle. In general, it was found that, over a short time, 
the rate of change of the flight-path angle depends mainly on the mag- 
nitude of the weight, the moment of inertia, the slopes of the curves 
of pitching-moment and lift coefficients as functions of elevator 
deflection C 

lift coefficient as a f’unction of angle of attack 
ble elevator deflection 

and CL , respectively, the slope of the curve of 
mEe &e 

R,, and the availa- 

An increase in weight, moment of inertia, or CL or a decrease 
in CrnEe’ Q,,, or A& w i l l  tend to decrease the ability of the air- 

plane to respond quickly in height. The magnitude of airplane damping 
and the magnitude of the lift-drag ratio, for a short period of time, 
did not have an appreciable effect on the time of height response. 

&e ’ 

The importance of the differences found in the response character- 
istics between swept-wing airplanes of l o w  aspect ratio having no hori- 
zontal tail and conventional airplanes can only be evaluated by flight 
experience. 
feel, the pilot’s reaction to the relatively large nose-up attitudes 
of the swept-wing airplanes of low aspect ratio and psychological 
influences associated with new types of airplanes may be of equal or 
greater importance. 

Other factors such as range of vision, unusual control 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va. 
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The calcJlations performed i n  this paper were, as previously noted, 
based on the three longitudinal equations of motion and the calculations 
are accurate t o  the extent of the completeness and accuracy of the 
a e r o d y n d c  character is t ics  used. Consideration of airplane longitudi- 
sa1 sta5illt;r f a  short-pzrrod osc i l la t ions  has shown that the pertinent 
factors  regarding the short-period modes m y  be obtained from considera- 
t ion  of on ly  two degrees of freedom assuming the  velocity t o  be comtant. 
It i s  possible, therefore, t h a t  factors pertinent t o  short-time responses 
t o  longitudinal control movement also may be obtained from consideration 
of only two degrees of freedom. 
i n  the equations of the normal and pitching accelerations previously 
given i n  the t ex t  as equations (lb) and (IC), respectively. 

These degrees of freedom are expressed 

If the i n i t i a l  trimmed conditions a re  subtracted from these equa- 
t ions,  the following expressions resu l t :  

The gravi ta t ional  and thrust  force terms i n  equation ( A l )  can be shown 
t o  be of a lower order than a re  the aerodynamic-lift terms and, there- 
fore, are  of secondary importance t o  the motion. The remaining terms 
i n  equation ( A l )  a re  the l i f t  due t o  a change i n  angle of a t tack  C b  4, 
the primary force for  changing the f l igh t  path, and the l i f t  due t o  
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.. ... . . .. 0 .  0.. 0. 

A6ej which is an inherent force which the control deflection 

opposes the desired change in normal acceleration and flight path. 
factors of secondary importance are neglected, equation (Al) m y  be 
written as 

“6, 
If 

from which 

and 

Since 
written as 

0 = a + 7, equation ( A 2 ) ,  with proper substitutions, may be 



bC 

A solution of this equation for the flight-path angle 
following resu l t s  : 

y gives the 

17 

L 

where 

b v2% 
2FY2 

and 

4a2 - 4b 
2 

h 2 = - - +  a 
2 
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The change i n  height AZ = V s i n  7 d t  appears t o  be the important 

fac tor  concerning the problem of short-time response, t he  value of 
given i n  equation (A5)  i s  of prime importance i f  the  velocity i s  
assumed to be approximately constant. Thus the factors  influencing 7 
i n  equation ( A 5 )  a re  those factors  pertinent t o  the short-time responses 
t o  longitudinal control movement. 

s 
7 

I f  the l i f t  due t o  the control deflection CL w a s  zero, then 7 
&e 

would be d i r ec t ly  proportional t o  the fac tor  

v2c 

a6e 
VCL, mge 
2pC 2pky 2 

I n  t h i s  paper t h i s  factor  w a s  made the same f o r  a l l  airplanes,  i n  order 
t o  make the i n i t i a l  f l i g h t  paths approximately the same i n  the push- 
over, by using appropriate mounts of elevator deflection. Similarly, 
when the elevator w a s  moved up t o  check the descent, t h i s  factor ,  based 
on the i n i t i a l  velocity, a l so  w a s  used although the veloci t ies  had 
changed somewhat and the values of 7 and 9 a t  the  time the elevator 
w a s  moved up were only approximately s i m i l a r  f o r  a l l  airplanes.  This 
factor  has been termed the t o t a l  elevator effectiveness and, f o r  the 
up-elevator cases when t h i s  fac tor  w a s  made the same, based on the 
i n i t i a l  velocity, the airplanes were said t o  have the same t o t a l  
elevator effectiveness. 

The contributions t o  7 due t o  the terms containing the l i f t  due 

i n  table  V.  

t o  elevator deflection C L ~ ,  a re  compared with the contributions of 

the terms containing the l i f t  due t o  angle of a t tack  
The contributions t o  7 of the CL terms for airplane A are  about 

7 percent of the contribution of terms, whereas f o r  airplanes B 

CL, 

be 
CL, 

and C the contribution is  about 1/4 t o  1/3 of the contribution of 
CL, terms. 

It i s  apparent that  the other aerodynamic character is t ics  
and Cm w i l l  influence the motion and are of increasing importance 
as the time i n  the motion increases. O f  major importance t o  t h i s  
contribution t o  the motion i s  the term 

C m ,  

9 
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In sp i t e  of the widely varied aerodynamic character is t ics  of airplanes A, 
R', & P %& ."-aas of b a-s sM&- for tJpae drplms. 

" 7  

A solution of equation (Ab) f o r  the derivatives of 7 gives the 
following resu l t s  : 

Examination of these equations indicates that at  zero time f o r  a 
s tep input of elevator deflection, making the factor  
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the same for a l l  three airplanes makes '7. (eq. ( A 8 ) )  a t  zero time, 
approximately the same i n  tha t  the other term i s  of lower order and 
therefore of only secondary importance. The ra te  of change of the 
normal acceleration, which is  proportional t o  7 (eq. ( A 7 ) ) ,  also w i l l  
be approximately the same for a l l  airplanes at  the beginning of the 
motion. 
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kerodynamic characterist ics are referred t o  s t ab i l i t y  axes; mass and 
atr-ic c k a c t e r l s t i c s  given Far b a i n g  configuration] 

CharacteriBtic I 
W i I ' l g R T - ,  6 q f t . .  . . . . . . . . . 
M e a n  aerodynamic chord, f t  . . . . . . . 
Weight, lb . . . . . . . . . . . . . . . 
Center of gravity, percent E . .I - . . . 
Moment of inertia about Y body axis, 

Radius of gyration about Y bcdy 

Airplane relat ivedensi ty  

slug-ft2 . . . . . . . . . . . . * . . 
axis, ft . . . . . . . . . . . . . . . 
coefficient, p . . . . . . . . . . . 

Massparameter - ft'Z . . . . . .  

Mass parameter 1, ft-1 

2 p g 7  

. . * . I . . 
2llc 

cm perradian . * .  . . . . . . . . .  
9 

Cm per degree.  . . . . . . . . . . . 
8e 

C per degree . . . . . . . . . . . 
per degree . . . . . . . . . . 

Cm per degree . . . . . . . . . . . . 
CL 

per degree . . . . . . . . . . . . 

'e 

cD % 

a 

a 
cm . . . . . . . . . . . . . . . . . .  
CL I . . . . . . . . . . . . . . . . .  

D(d 

0 

0 

C . . . . . . . . . . . I . . . . .  

(trim a t  110 knots) . . . . 
(trim a t  110 knots) . . . 

'Ltr JL 
CD trim/%lh, 

be , d e g  - .  . . . . . . . . . . . . 
maJr 

a 
Shown in  figure 3. 

400.0 
8-28 

25 

40,658 

19,642 

8.17 

77.4 
y7 x 10-6 

78 x 

-12 .o 

- 0.0172 

0.00600 

0.00056 

-0.01034 

0.0842 

0.0172 

0.814 

(a) 

0.630 

0.57 

-18 
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(a) Airplane A. 
P 

Figure 2.- Three-view drawings of airplanes investigated. 

27 
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(b) Airplane B. 

Figure 2.- Continued. 
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(c) Airplane C . 
Figure 2. - Concluded. 
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(b) Pull-up after 1 second. 

Figure 6 . -  Concluded. 
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(b) Pull-up after 1 second. 

Figure 9.- Concluded. 
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Figure 10.- Comparison of response t o  available longitudinal control on 
airplanes A, B, and C for  a long period of time. I n i t i a l  trim values 
given in  table  11. 
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Figure 11.- Comparison of response t o  longitudinal control on airplanes A, 
B, and C for a long period of time. 
up-elevator deflection and the change i n  l i f t  due t o  elevator deflection 

elininated. I n i t i a l  t r i m  values given i n  table  11. 

Airplanes B and C had increased 


